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Welcome to New Mexico - Plague Central 



Human Plague in the US: 1970-2000 







Basic Plague Ecology 

Plague 

Plague 



More Complex Plague Ecology 

Gage and Kosoy. 2005. Annual Review of Entomology 50:505-528. 



Plague is Now Globally Distributed 

Stenseth et al. 2008. PLoS Medicine 5(1):e3 



Three Plague Pandemics (Dogma) 

  1st Pandemic:  
  547-767 AD “Justinian plague”  
  North Africa, Europe, parts of Asia 
  Population losses estimated at 50-60% 

  2nd Pandemic:  
  1346-19th century 
  North Africa, Europe, parts of Asia 
  Black Death epidemic: 1347-1351 

 Est. 17-28 million killed, or ~30-40% of the European population 

  3rd Pandemic:  
  1855-present? 
  Global spread out of China: Africa, Americas, Australia, Europe 
  Millions of deaths worldwide 
  Control: improved hygiene (rat control) and antibiotics 

Perry and Fetherston. 1997. Clinical Microbiology Reviews 10:35-66. 
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Evolutionary Scale & Subtyping 

Complex VNTRS 
IS Elements 

Genome Rearrangements 

10-3 10-4 10-5 10-6 10-7 10-8 10-9 10-10 

Mutation Rate Fast Slow 

MLVA 

PFGE 
MLST 

Whole* 
Genome 

Sequencing 

VNTRs 
SNPs 



Diversity Generation in an Idealized Clonally 
Propagating Pathogen 

Ancestor 

= Mutational Event 

Evolutionary Time 

Homoplasy? 
Phylogenetic reconstruction! 



Achtman et al. 2004. PNAS; Morelli et al. 2010. Nature Genetics. 



Whole Genome Phylogeny of 
Yersinia pestis 

Morelli et al. 2010. Nature Genetics 42:1140-1143. 



933 SNPS 
X 

282 strains 

Morelli et al. 2010. Nature Genetics 42:1140-1143. 

China 



Plague Out of China Again and Again 

Morelli et al. 2010. Nature Genetics 42:1140-1143. 



Haensch et al. 2010. PLoS Pathogens 6(10):e1001134 



Haensch et al. 2010. PLoS Pathogens 6(10):e1001134 

2nd Plague Pandemic: 14th – 18th Centuries 

(14th) 

(14th) 

(14th) 

(16th/17th) 

(16th/17th) 

Samples from 
three locations 
were analyzed 
using canonical 

SNPs 



Haensch et al. 2010; Morelli  et al. 2010 

= canonical SNPs queried* 

Samples from 
France & England 

Samples  
from the 
Netherlands 



N AT U R E  2 0 1 1 



Bos et al. 2011. Nature 478:506-510 

2nd Plague Pandemic: 14th – 18th Centuries 

(14th) 

(14th) 

(14th) 

(16th/17th) 

(16th/17th) 

Samples from 
graveyard used 

in London in 
1348-1350 



Bos et al. 2011; Morelli  et al. 2010 

Samples  
from  
London 



Third Pandemic:  
Spread of 1.ORI 

Morelli  et al. 2010. Nature Genetics. 



Rat-borne Plague in Multiple Port Cities 
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Eskey and Haas, 1940; Pollitzer 1951; Link 1955 



Plague in Native Ground Squirrels 
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Plague is Now Endemic in the Western US 

CDC occurrence data for 1970-2000 as compiled by Cully and Williams 2001 



Questions 

 How many times did plague cross over from 
non-native rodents to native rodents in the 
United States? 
 In other words, how many introductions were 

there in the United States? 

 What is the population structure of Yersinia 
pestis in the United States? 
 Single wave of dominant clone? Multiple waves? 



30 Next-Gen Sequences: 
110 SNPs X 800 strains 

N=18 

N=4 

N=1 

N=7 

India:  
Morelli  et al. 2010. Nature Genetics. 





Indonesia (5), 
China (1) 

India (2) 

Hawaii (2) 

Los Angeles  
area (3) 















Conclusions: Continental USA 

  Just one or maybe two introductions to native rodents 
  No evidence for a selective sweep 

  Rather, star phylogeny originating from California 
  Suggests no adaptive benefits for any given lineage 

  Evidence for rapid, complex dispersal 
  Many populations found in multiple states 
  Movement to the east but also back to the west 
  Representatives of diverse populations in same locality 

  Question: How did plague spread so quickly in the US? 
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Wagner et al. 2004. PNAS. 



Girard and Wagner 
et al. 2004. 

 
PNAS 101:8409-8413.  

50+ Season Focus 
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2000 ? 
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Fort Valley 2001 

145 Samples 
19 Genotypes 
7 Loci Mutated Cladistic Analysis 



Plague 
Genotype 

Distribution 
Fort Valley, AZ 

2001 



Wagner et al. 2004. PNAS. 



Wagner et al. 2004. PNAS. 

Fall 2000 



Wagner et al. 2004. PNAS. 

Fall 2000 

Spring/Summer 2001 
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Wagner et al. 2004. PNAS. 
Girard & Wagner et al. 2004.  

PNAS 101:8409-8413.  

Single Season Outbreak 



Third Pandemic:  
Spread of 1.ORI 

Morelli  et al. 2010. Nature Genetics. 



Mahajanga 

Madagascar 

Vogler et al. 2011. 
PLoS Neg. Trop. Dis. 

5(9): e1319.  

1991 

  Two major groups 
  201 unique 

genotypes out of 
221 isolates 

  11 major clusters 
  Mantel Regression 

r=0.006 
(p=0.0002) 



Mahajanga Plague Phylogeny 
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Vogler, unpublished data 
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Investigating a laboratory 
acquired case of plague. 



 
 

Case History: 
A University Scien<st 

 
•  60 year old, diabe<c male 
•  Dies 13 hours aCer presenta<on 
in the emergency room 

•  Worked in Infec<ous Disease 
Research – no virulent strains 



blood cultures: 

•  Gram‐nega<ve rods, Gram‐
posi<ve cocci in chains, a 
yeast 

•  Yersinia pes3s 



Morelli et al. Nature Gene<cs 2010 = analyzed canSNP 



Whole Genome Sequencing 

B. 
Genetically 
Engineered 

Strain 

A.  
Attenuation 

Defect 
Unaltered 

Jim Schupp 
Unpublished data 

28 SNPs and 38 indels UC91309 



Animal Trials 
UC91309 

•  Swiss Webster mice infected with Y. pes3s 
•  105 CFU – No deaths with KIM D27 or 
UC91309 

•  102 CFU of CO92 ‐ All mice died 
•  Supplement with iron – KIM/UC kills mice 



Frank et al. 
unpublished data 

 

Summary 
 

•  Lab acquired infec<on 
•  Y. pes3s – KimD27 
•  Gene<cally engineered 
•  Highly A^enuated 
•  Why was this lethal? 



Autopsy 

•   Liver -ssue ‐ massive 
iron deposits. 

•  Human  HFE Genotype: 
Homozygous C282Y 

•  Diagnosis of hereditary 
hemochromatosis  

Frank et al. 
Unpublished data 
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